Abstract Apolipoproteins (apo) A-I and C-III are components of high-density lipoprotein-cholesterol (HDL-C), a quantitative trait negatively correlated with risk of cardiovascular disease (CVD). We analyzed the contribution of individual and pairwise combinations of single nucleotide polymorphisms (SNPs) in the APOA1/APOC3 genes to HDL-C variability to evaluate (1) consistency of published single-SNP studies with our single-SNP analyses; (2) consistency of single-SNP and two-SNP phenotype-genotype relationships across race-, gender-, and geographical location-dependent contexts; and (3) the contribution of single SNPs and pairs of SNPs to variability beyond that explained by plasma apo A-I concentration. We analyzed 45 SNPs in 3,831 young African-American (N=1,858) and European-American (N=1,973) females and males ascertained by the Coronary Artery Risk Development in Young Adults (CARDIA) study. We found three SNPs that significantly impact HDL-C variability in both the literature and the CARDIA sample. Single-SNP analyses identified only one of five significant HDL-C SNP genotype relationships in the CARDIA study that was consistent across all race-, gender-, and geographical location-dependent contexts. The other four were consistent across geographical locations for a particular race-gender context. The portion of total phenotypic variance explained by single-SNP genotypes and genotypes defined by pairs of SNPs was less than 3%, an amount that is miniscule compared to the contribution explained by variability in plasma apo A-I concentration. Our findings illustrate the impact of context-dependence on SNP selection for prediction of CVD risk factor variability.
Introduction
Understanding the roles of environmental and genetic factors in the determination of risk of cardiovascular disease (CVD) remains a crucial research objective. Among the primary risk factors are increases in plasma lipid and lipoprotein levels such as cholesterol, triglycerides (TG), and low-density lipoprotein-cholesterol (LDL-C) [1] . Risk of CVD is negatively correlated with plasma highdensity lipoprotein-cholesterol (HDL-C) concentration. Substantial effort has been devoted to evaluating the influence of HDL-C variability on observed interindividual variability in CVD onset, progression, severity, and response to therapy. Experimental evidence supports the role of plasma HDL-C in influencing risk of CVD, including inhibiting LDL oxidation and coagulant activity, reducing levels of adhesion proteins, and transporting excess cholesterol from peripheral cells to the liver in a process called reverse cholesterol transport (RCT) [2, 3] .
HDL particles are a heterogeneous class of lipoproteins composed of apolipoproteins and lipids such as TG, phospholipids, cholesterol, and cholesteryl esters. Apolipoproteins (apo) A-I and C-III are integral structural and functional gene products that participate in HDL particle formation and lipid metabolic processes. Apo A-I combines with phospholipid to form pre-β HDL which acts as an acceptor for unesterified cholesterol from peripheral cells [4] . Plasma apo C-III is known to inhibit triglyceriderich lipoprotein catabolism by lipoprotein lipase (LPL) and the HDL receptor activity of the scavenger receptor B1 [5, 6] . Genes coding for apo A-I and C-III, APOA1 and APOC3, are located on chromosome 11q23-q24 and have been utilized extensively as candidates in phenotypegenotype association studies of plasma lipoprotein levels and research to elucidate the genetics of CVD risk [7] .
Several studies indicate that 28-48% of interindividual variability in the blood level of HDL-C in the population at large is attributable to genetic variation (reviewed in [8] ). Numerous publications have reported statistically significant associations between variation in HDL-C levels and individual genetic polymorphisms, including single nucleotide polymorphisms (SNPs) located in the APOA1/ APOC3 genes. Nevertheless, these significant findings have rarely replicated across multiple studies of groups of individuals defined by race, ethnicity, or gender [9] [10] [11] [12] [13] . Inconsistency of gene effects has prompted speculation on the utility of genetic information for predicting variability in quantitative CVD risk factors [14] .
These considerations lead to three questions that are the focus of the present study: (1) Are the results from published studies of associations of variation in blood levels of HDL-C with variation in individual APOA1/ APOC3 SNPs consistent with results from our association study of four race-gender groups? (2) Are the single-SNP and two-SNP phenotype-genotype relationships selected to explain the greatest amount of HDL-C variability consistent across contexts defined by race, gender, and geographical location? (3) Do the selected SNPs, or pairs of SNPs, contribute to explaining variability in HDL-C beyond that explained by plasma apo A-I concentration? To address these questions, we analyzed data on 45 SNPs in the APOA1/APOC3 gene region collected by the Coronary Artery Risk Development in Young Adults (CARDIA) study.
We found three SNPs that contributed in a statistically significant manner to HDL-C variability in both the literature and at least one, but not all, of the four racegender strata considered in our study. Of five SNPs selected to explain the greatest amount of variability in the CARDIA study, we observed consistency of four phenotype-SNP genotype relationships across field centers for a particular race-gender context. Only one of these SNPs had a consistent phenotype-genotype relationship across all race, gender, and field center contexts. Differences in both relative genotype frequencies and genotype effects across contexts defined by race, gender, or geographical location confound interpretations of phenotype-genotype associations. Finally, we found that the contribution of genetic information to HDL-C variability beyond plasma apo A-I concentration was small relative to the contribution of plasma apo A-I. These findings have important implications for SNP selection for predicting variability in CVD risk factors.
Materials and methods

Sample
The sample used in this study consisted of individuals participating in the CARDIA study [15] . It included young, unrelated individuals 18-30 years old who were recruited between 1985 and 1986 without regard to health status from four geographical locations: residents of Birmingham, AL; selected census tracts in Chicago, IL, and Minneapolis, MN; and the Kaiser Permanente Medical Care Program (KPMCP) in Oakland, CA. This is a longitudinal study, but all phenotypic data examined here are baseline measurements taken shortly after recruitment. Genotype and phenotype data were collected from 3,831 individuals: 1,075 African-American females; 783 African-American males; 1,041 European-American females; and 932 European-American males. Venous blood was drawn after a 12-h fast. Individuals who did not fast for 12 h were excluded from analyses in this study. Plasma HDL-C concentration was determined using standard enzymatic methods [16] . Plasma apo A-I concentration was ascertained by radioimmunoassay [17] .
Resequencing and genotyping
Seventy-six variants were identified in the APOA1/APOC3 gene region by complete resequencing of this region in 24 individuals from each of three samples: African-Americans from Jackson, MS; Europeans from North Karelia, Finland; and European-Americans from Rochester, MN [18] . The APOA1/APOC3 region encompasses approximately 10 kbp on chromosome 11q23-q24, including exons, introns, intergenic region, and ∼1,000 bp upstream of the APOA1 and APOC3 genes. After excluding singletons (i.e., SNPs that varied in only one individual) and insertion/deletion polymorphisms, assays for 45 SNPs were successfully developed using a MassARRAY System from Sequenom, Inc (San Diego, CA). Figure 1a ,b shows the locations of these SNPs in APOA1 and APOC3. Genotyping of these 45 SNPs in 3,831 CARDIA study participants was afforded by polymerase chain reaction (PCR) amplification of genomic DNA across a short region that included the polymorphic site, followed by mass spectrometry detection of allele-specific mass differences 523   1046  1280  1616  1787  1899  2110  2954  2957  3132  3253  3581  3710  3732  4202  4281  4699  4797 Bold denotes common allele in European-Americans. Dashed boxes indicate significant heterogeneity at p≤0.05, and shaded boxes indicate significant deviation from Hardy-Weinberg equilibrium of the extension product. Approximately 5% of samples had a blind duplicate, which resulted in approximately 99% agreement between the duplicates and the originals. Of the seven APOA1 SNPs (Fig. 1a) , one is located in the 5′ flanking region and six are located in introns. Of the 26 APOC3 SNPs (Fig. 1b) , ten are located in the 5′ flanking region, 15 are intronic, and one SNP is located in exon 3. Variation in the APOC3 coding SNP (cSNP), at position 7761, does not result in an amino acid change. An additional 12 SNPs are located in the common 3′ APOA1/ APOC3 intergenic region (SNPs 2954 to 5124, included in Fig. 1a) . A detailed description of each of the 45 SNPs, including SNP nomenclature, dbSNP ID, and location, is listed in Table S1 .
Statistical analyses
Plasma HDL-C levels were adjusted by fitting a racegender-field center-specific linear regression model containing age, age 2 , age 3 , and body mass index (BMI) and then adding the residuals to the race-gender-specific mean. Bartlett's test was used to evaluate homogeneity of quantitative trait variances among field centers within each race-gender stratum. Differences in quantitative trait means among race-gender-specific field centers were evaluated using Welch's test when field center variances were significantly different. Pearson's chi-squared test was used to evaluate homogeneity of relative allele frequencies among field centers within each race-gender stratum and across races. Hardy-Weinberg equilibrium was evaluated in African-Americans and European-Americans using a chi-squared goodness-of-fit test.
To select the single SNP and the pair of SNPs that explained the greatest HDL-C variability in each racegender stratum, we plotted the −log (p value) against the −log (p value rank) for each SNP or SNP pair, essentially selecting the most highly significant SNP or SNP pair (lowest p value) [19] . For single SNPs, p values from both the combinatorial partitioning method (CPM) and the oneway analysis of variance (ANOVA) were plotted [20, 21] . We used CPM because it evaluates the contribution of genotype variation by considering all possible partitions of genotypes, selecting the partition that maximizes phenotypic differences between partition means, and minimizing differences between genotype means within partitions [20] . We used the one-way ANOVA to estimate the contribution of genotypes defined by pairs of SNPs to explaining HDL-C variability.
Non-additivity between pairwise SNP effects was tested using an overparameterized general linear model that compares average phenotypic values of two-SNP genotypes [22, 23] . This overparameterized model was also used to test for single-SNP genotype by field center interaction within each of the race-gender strata.
We used a nested ANOVA to estimate the proportion of sample variability in HDL-C attributable to variation in plasma apo A-I concentration, and to the single SNPs and pairs of SNPs that explained the greatest amount of HDL-C variability, after adjustment for variation in center means , where [24] . P values for the test of Δ AB =0 were obtained using the χ 2 test statistic, i.e. b
Statistical significance was defined as p≤0.05 in all analyses unless otherwise noted. All cases of statistical significance refer to the nominal significance without correction for multiple comparisons.
Results
Description of the samples
A description of each of the four race-gender strata is shown in Table 1 . Age and BMI means differed significantly among field centers in European-American females only. The variance of BMI was significantly different among field centers in all race-gender strata except African-American females. Unadjusted HDL-C means and variances differed significantly across field centers in all four race-gender strata. After adjustment of HDL-C concentration for age and BMI, the estimates of interindividual variability of HDL-C remained significantly heterogeneous among field centers in African-American females, African-American males, and European-American males.
Characterization of the distribution of relative allele frequencies among race-field center strata In addition to the observed heterogeneity in the distribution of the HDL-C phenotype, we also found significant differences in relative allele frequencies between races and among field centers within races. Relative allele frequencies for each SNP, a test of Hardy-Weinberg equilibrium within African-Americans and EuropeanAmericans, and the tests of homogeneity of relative allele frequencies within and between races are presented in Fig. 1a,b .
Of the seven SNPs in APOA1 (Fig. 1a) , genotypes of one SNP (523) in African-Americans and one SNP (1616) in European-Americans deviated significantly from HardyWeinberg expectations. The test of homogeneity of relative allele frequencies among field centers within races revealed that SNP 1280 differed significantly among AfricanAmerican field centers, while allele frequencies at SNPs 1280 and 1616 were significantly heterogeneous among European-American field centers. Except for SNP 1616, the relative allele frequency of the common allele in European-Americans was significantly different between the races for each of the APOA1 SNPs.
Of the 12 SNPs in the APOA1/APOC3 3′ intergenic region (also shown in Fig. 1a ), significant deviations from Hardy-Weinberg equilibrium were observed for three SNPs in African-Americans and five SNPs in EuropeanAmericans. Significant relative allele frequency heterogeneity among field centers was found at SNP 3710 in African-Americans and at SNPs 3732 and 5124 in European-Americans. The relative frequency of the common allele in European-Americans was significantly different between races for each of these 12 intergenic SNPs.
Of the 26 SNPs in the APOC3 gene (Fig. 1b) , genotypes for each of six SNPs in African-Americans and nine SNPs in European-Americans were not in Hardy-Weinberg equilibrium. Differences in the relative allele frequencies among field centers were significant for seven SNPs in African-Americans and five SNPs in European-Americans. The relative frequency of the common allele in European-Americans was significantly different between races for 23 of the 26 APOC3 SNPs.
A comparison of single-SNP effects reported in the literature with estimates from CARDIA To evaluate consistency between published studies and results from our analyses, we first searched the literature for studies of the association of variation in HDL-C with single-SNP variations in the APOA1/APOC3 region. For this comparison, the published studies had to include SNPs that were also included in our study, the study participants had to be ascertained without regard to health, and the sample size had to be ≥99. Table 2 summarizes the studies of five SNPs that satisfy these criteria. HDL-C levels have been significantly associated (p≤0.10) with three of these SNPs: SNP 1046 in white females [25] and SNPs 9127 and 9154 [29] in Asian-Indians.
For the five SNPs found in published reports and genotyped in the CARDIA study, the results of the test of association of HDL-C with genotype variation using the CARDIA data are presented in Table 3 . The three significant associations with SNPs in published studies also contributed significantly to explaining HDL-C variability in particular CARDIA race-gender strata. SNP 1046 predicted HDL-C variability in African-American females and European-American females and males. However, in African-American females, this result is confounded by statistically significant heterogeneity of genotype effects among field centers. Additionally, SNPs 9127 and 9154 made a statistically significant contribution to explaining HDL-C variability in African-American females. In these cases, neither the test of a genotype by field center interaction nor the test of homogeneity of the relative allele frequency among field centers was statistically significant. ANOVA: APOA1 SNPs APOC3 SNPs. CPM: Fig. 2 Phenotype-genotype relationships for SNPs that explain the greatest HDL-C variability
The analyses of consistency of phenotype-genotype relationships across field center strata for each of the five SNPs selected to explain the greatest amount of variability in each race-gender stratum are summarized in Table 4 . For purposes of this study, phenotype-genotype relationships were considered to be consistent if the differences between genotypic means (milligram per deciliter) were in the same direction (either positive or negative differences) across at least three of the four field centers within a race-gender stratum. In each case, the SNP that explained the greatest amount of variability had a consistent phenotype-genotype relationship among field centers for at least one contrast of genotypes. In addition to missing genotype classes, heterogeneity of relative allele frequencies among field centers (SNPs 5124, 9648, and 8521) and a significant genotype by field center interaction (SNP 2957, contrast AA-AG) confounded the evaluation of replication of phenotype-genotype relationships in other race-gender strata. Only one of the five SNPs (2110, contrast CC-CT) had a consistent phenotype-genotype relationship across all 16 race-gender-field center strata, and there was no statistically significant evidence of heterogeneity of relative allele frequency or genotype by field center interaction effects.
Selection of pairs of SNPs that explain the greatest HDL-C variability
The results of the analyses of the associations of HDL-C variability with genotypes defined by pairs of SNPs are presented in Fig. 3a-d . Pairs of SNPs that explained the greatest amount of variability in each race-gender stratum did not explain the greatest HDL-C variability in any other stratum. Selected pairs of SNPs for the African-American female (4281-6156) and African-American male (4797-9648) samples did not explain statistically significant variation in any other race-gender stratum. However, the pair of SNPs that explained the greatest HDL-C variability in European-American females (1616-5124) also made a statistically significant contribution to explaining variability in African-American females. The SNP pair that explained the greatest HDL-C variability in EuropeanAmerican males (2110-5904) also made a statistically significant contribution to explaining variability in African-American females. Of the four selected pairs, only one SNP pair (1616-5124), selected in European-American females, did not involve statistically significant single-SNP genotype effects. In African-American females, each of these SNPs had a statistically significant genotype effect.
Contribution of SNPs to HDL-C variability beyond that explained by field center, age, BMI, and plasma apo A-I concentration Table 5 variability within field centers explained 8.94 to 11.16% of sample variability across race-gender strata. After adjustment for the contribution of variability among field centers and age and BMI variability within field centers, the contribution of plasma apo A-I concentration within field centers to explaining HDL-C variability ranged from 22.08 to 32.35% of sample variability across race-gender strata.
After adjustment for age, BMI, and plasma apo A-I, selected SNPs explained only 0.24 to 1.38% of HDL-C variability, while the selected pairs of SNPs explained from 1.04 to 3.04% of sample variability across race-gender strata.
Discussion
Although biochemical evidence has clearly demonstrated a functional relationship between HDL particles and plasma apo A-I and apo C-III, our study further documents inconsistency of statistical associations between plasma HDL-C variation and SNP variation in the APOA1/APOC3 region. A comparison of our results with similar single-SNP studies reported in the literature and the observation that different single SNPs explained the greatest HDL-C variability in each race-gender stratum suggest that there is little support for invariant effects of single-SNP genotypes in the APOA1/APOC3 genes. Furthermore, none of the SNPs selected because it explained the greatest amount of variation in a particular race-gender stratum overlapped with any of the previously published SNPs, and none of these SNPs was selected in more than one race-gender stratum. Only one SNP (2110), selected because it explained the greatest amount of variation in EuropeanAmerican males, had a consistent phenotype-genotype relationship across all 16 race-gender-field center strata of the CARDIA study. No other statistically significant SNP included in our study had a consistent phenotype-genotype relationship across all race-gender strata that was not confounded by heterogeneity of relative allele frequencies or genotype effects among field centers in a particular racegender stratum (data not shown). Additionally, a substantial number of SNP genotypes deviated significantly from Hardy-Weinberg expectations in both AfricanAmericans and European-Americans. Significant departures from Hardy-Weinberg equilibrium were, in fact, observed in two of the SNPs selected to explain the greatest HDL-C variability (5124 in both races and 9648 in African-Americans). While it is possible that these deviations are attributable to genotyping error, they could also be due to hidden population stratification across field centers within racial strata caused by pooling groups of individuals with different genotype frequencies [30] . Analyses of the distribution of relative allele and genotype frequencies by Clark et al. (unpublished data, August 2005) using the CARDIA samples (including the APOA1/APOC3 SNPs studied here) provide evidence in support of the latter possibility.
The lack of consistent significant genotype effects in our study and in published reports strongly suggests that the contribution of variation in single-SNP genotypes to phenotypic variability is not invariant across samples of individuals defined by race and gender. Thus, the growing popularity of meta-analyses, whereby data from multiple genetic association studies are combined to increase statistical power to detect small genotype effects, is largely unjustified. Meta-analyses are based on the assumption that the inconsistency of phenotype-genotype relationships is due to inadequate sample size or chance [31] . Combining subsets of individuals from different race-gender strata, each with a unique genetic and environmental background, may increase statistical power to detect an effect in the pooled sample, but this approach also inflates the risk of false positives if the samples are heterogeneous, and inferences will not reflect the biological reality of any particular stratum.
The pattern of LD among pairs of SNPs in AfricanAmericans and European-Americans further confounds the contributions of individual SNPs to explaining HDL-C variability. An analysis of pairwise LD among the five SNPs selected from the literature (Table 3 ) and the five SNPs selected to explain the greatest HDL-C variability (Table 4) SNPs 9127-9154 in the CARDIA sample of AfricanAmericans suggests that the observed statistically significant associations of HDL-C with each of these SNPs are not independent and may be marking the same "functional" variation. Further, strong LD of SNPs 9127 and 9154 with 9312, a SNP that was not included in published studies, implies that neither 9127 nor 9154 may be the SNP responsible for trait variability. In European-Americans, we found strong LD between SNPs 2110 (selected in European-American males), 2957, and 8521 (selected in European-American females). Although selected to explain the greatest variability in particular race-gender strata, these three SNPs each had statistically significant genotype effects in both European-American females and males. Additionally, one SNP selected from published studies that was significant in CARDIA European-American females and males (SNP 1046) was also in strong LD with 2110, 2957, and 8521. In European-Americans, we also find extensive pairwise LD among SNPs deviating from Hardy-Weinberg equilibrium. These considerations further emphasize the futility in assigning functionality to a particular SNP using only statistical results from an association study. Our study suggests that heterogeneity of both relative allele frequencies and genotype effects among field centers within race-gender strata can be a major consideration in evaluating replicability of single-SNP genotype effects. The difficulty of obtaining replicate samples of a particular context defined by unmeasured genetic and environmental factors is a major deterrent in sorting out context-dependent SNP effects from false-positive/type I errors. Although we analyzed multiple SNPs, we did not apply any corrections to control for the type I error rate, such as Bonferroni, false discovery rate, or permutation testing [32] [33] [34] . However, we took a "conservative" approach by selecting only those single SNPs which explained the greatest HDL-C variability in each race-gender stratum (e.g., the most statistically significant). We also found evidence that the contribution of a particular SNP to HDL-C variability was consistent across geographically diverse field centers in particular contexts defined by race and gender. This suggests, but does not prove, biological effects that are distinguishable from falsepositive tests that arise in the study of any particular geographical location. Such replicability is essential for sorting out the context-dependent effects from type I errors that are characteristic of quantitative traits like HDL-C that have a complex genetic architecture in the population at large.
Identification of pairs of SNPs that explain the greatest amount of variability reveals the importance of nonadditivity of SNP effects. Single SNPs contributed 0.24-1.38% HDL-C variability, while pairs of SNPs contributed 1.01-3.04%. It is likely that significant interactions between combinations of SNP effects that, when considered independently do not have a measurable impact on quantitative trait variability, are numerous throughout the genome. The dependency of SNP effects on the context defined by other SNPs has been a major deterrent to accurately characterizing the impact of gene variation on quantitative trait variability. Hamon et al. [35] studied the impact of non-additivity between pairs of SNPs in the APOA1/C3/A4/A5 cluster on variability in total cholesterol (TC) levels in the CARDIA sample. They found significant non-additive SNP effects on TC levels for 14 pairs of SNPs in both African-American and European-American females. Eight of these SNP pairs also had a consistent phenotype-genotype relationship across field centers. While in Hamon et al. [35] , none of the pairs of SNPs explaining the greatest variability in this study significantly influenced TC levels, in European-American females, we do find significant evidence of non-additive effects of SNPs 1616 and 5124 on variability in HDL-C levels. It is interesting to note that in Hamon et al. [35] , SNP 5124 combined non-additively with two other SNPs (APOA1/ APOC3 intergenic SNPs 3132 and 3581, respectively) to impact TC levels in females. The widespread use of statistical models of phenotype-genotype relationships that do not consider interactions between SNP effects has been more a function of perpetuated popularity or apparent ease of calculation rather than an informed approach for characterizing the associations between genetic variations and variability in traits such as HDL-C [36] .
Although the contribution of the selected single SNPs and pairs of SNPs to explaining HDL-C variability was statistically significant, the amount of total variability explained was a minor fraction of total sample variability (Table 5) . Compared with adjusted data, these estimates using data that were not adjusted for plasma apo A-I were essentially unchanged (0.32-1.81% for the selected single SNPs and 1.25-3.43% for the selected pairs of SNPs). Furthermore, although plasma apo A-I makes a considerable contribution to explaining HDL-C variability (22-32%), the contribution of the APOA1/APOC3 SNPs selected to explain the greatest HDL-C variability to explaining variation in plasma apo A-I concentration was small (0.27-1.46% for single SNPs and 0.66-1.89% for pairs of SNPs). Given that 28-48% of HDL-C variability may be attributable to genetic variation in the population at large, it is obvious that many genetic loci, in addition to the APOA1/APOC3 structural genes, influence HDL-C via their effects on plasma apo A-I concentration and that selecting one, or a few, candidate gene loci to characterize the genetic architecture of this important quantitative CVD risk factor is woefully inadequate [8, 37] .
The statistically significant contribution of individual SNPs to HDL-C variability should be interpreted with caution. While a statistically significant SNP genotype effect may indicate a direct functional relationship between the SNP and its associated gene product (i.e., a SNP resulting in a nonsynonymous amino acid change that alters protein function), we have provided evidence that several factors can confound the interpretation of such statistical associations. Specifically, variation in genetic and environmental background, patterns of LD among pairs of SNPs, and the contribution of SNPs beyond other (environmental) variables limit etiologic interpretation of statistical effects of a particular SNP genotype. Furthermore, because of the complexity of the phenotype-genotype relationship, we anticipate that single SNPs that have both an independent and biologically relevant impact on a quantitative trait with a multifactorial etiology such as HDL-C will be the exception.
Racial/ethnic, gender, and regional differences in (nongenetic) CVD risk factor variability and associated risk of disease are widely recognized and have been welldocumented in CARDIA and other study populations across the USA [38] [39] [40] [41] [42] [43] . Additionally, the presence of confounding effects of heterogeneity of the genetic substructure among racially/ethnically/geographically diverse groups has been documented by numerous studies of population-specific recombination rates, population diversity, Fst statistics, measures of population admixture, and the distribution of relative allele and haplotype frequencies among populations [44] [45] [46] [47] [48] . Despite such compelling evidence, many studies of phenotype-genotype relationships continue to pool individuals from different races, genders, or geographical locations [49] . Inconsistent phenotype-genotype findings are likely a consequence of false assumptions about homogeneity of the populations of inference and the invariance of genotype effects. As an alternative, we must restate the genetic question and ask which subset of genetic variants, in which genes, in which genetic and environmental strata of the population at large explain/predict CVD risk factor variability [50] . Our study identified race-gender-specific genotype effects that are consistent across field centers within each race-gender stratum. These results illustrate the importance of genetic and environmental background in characterizing the contribution of SNPs to variability in quantitative CVD risk factors such as plasma HDL-C concentration.
